Purpose In malignant melanoma, recurrence is often observed in distant areas from the primary site. While FDG PET is a sensitive imaging for detecting malignant lesions, the role of FDG PET in posttreatment surveillance period has not been investigated sufficiently. The aim of this study was to evaluate the value of PET during posttreatment surveillance in melanoma. Methods A total of 76 melanoma patients who underwent FDG PET during surveillance period after completion of the first treatment were retrospectively enrolled. PET scans were grouped according to the purpose and clinical situations, routine surveillance, or evaluating clinical suspicion. Final diagnosis of recurrence was determined by complete clinical evaluation or long-term follow-up. In each situation, the diagnostic role of FDG PET was assessed. Results A total of 143 scans of 76 patients were analyzed: 51 for clinical suspicion and 92 for routine surveillance. In the clinical suspicion group, PET correctly diagnosed non-recurrence in 10 cases (20%). In routine surveillance group, 16 cases (17%) presented recurrence, all of which was correctly diagnosed on PET. NPVand PPV were 100% and 76%, respectively. In subgroup analysis, sensitivity and NPV were higher in the low-risk group (stages I-II A ) than in the high-risk group (stages II B -IV), while specificity and PPV were higher in the high-risk group. Conclusion In conclusion, FDG PET is an effective diagnostic tool in posttreatment surveillance of melanoma. Even in cases without clinical suspicion, melanoma recurs in a considerable proportion of patients, which can be sensitively diagnosed on PET.
Introduction
The incidence of melanoma continues to increase worldwide. Although it is a relatively rare malignancy, the incidence of malignant melanoma in most developed countries has risen faster than any other cancers since the mid-1950s [1, 2] . In malignant melanoma, late recurrence after successful initial treatment is not rare. Faries et al. reported that late recurrences are more common in distant areas, whereas early recurrence are predominantly loco-regional [3] . Thus, long-term monitoring is required in survivors of melanoma, which should include evaluation of distant areas. Although local or nodal recurrences can be easily discovered by patients themselves, systemic recurrences are less likely to be detected early [4] . Thus, laboratory examinations and imaging studies are required for appropriate monitoring of asymptomatic patients for early detection of recurrence.
Despite many previous studies, no consensus has been reached on the optimal follow-up method or the incremental value of diagnostic tests, in posttreatment surveillance of melanoma [5] [6] [7] . According to the National Comprehensive Cancer Network (NCCN) guidelines for surveillance of melanoma survivors, imaging study is not routinely recommended for stage I-II A diseases. In stage II B -IV diseases, it is considered to monitor patients for 5 years by using routine imaging studies, including chest x-ray, computed tomography (CT), and/or 18 F-fluorodeoxyglucose (FDG) positron emission tomography (PET) scans every 3 to 12 months, as well as annual magnetic resonance imaging (MRI) [7, 8] .
Whole-body FDG PET is a non-invasive, high-resolution molecular imaging technique that can detect recurrences or metastases. Many studies have reported high sensitivity and specificity of FDG PET for detecting recurrence or metastases [9] [10] [11] [12] [13] [14] [15] , which are superior to those of conventional imaging methods. However, FDG PET has not been included in recommendations or guidelines for routine surveillance of cancers [15, 16] , probably because of unconfirmed comparative cost-effectiveness. Additionally, surveillance using FDG PET is sometimes considered to be an Bunwise^choice in some cancers.
In the present study, we retrospectively surveyed and followed up melanoma patients of a tertiary cancer center who underwent FDG PET/CT for the purpose of posttreatment surveillance. The aim of this study was to assess diagnostic performance and role of FDG PET in posttreatment surveillance of melanoma.
Materials and Methods

Patients
From January 2005 to December 2014, patients with biopsyproven melanoma who underwent FDG PET/CT scan in Seoul National University Hospital were retrospectively retrieved from the healthcare information system. Among them, those who had no residual malignancy after completion of initial treatment were selected. Repeated PET/CT scans of a patient were all included in the analysis, but scans were excluded in cases where PET/CT was performed for restaging of confirmed recurrence or for second primary cancer. A PET/ CT scan was classified as routine surveillance group if it was performed for routine checkup without any suspicion of recurrence. If a PET/CT was performed for any symptom, abnormal physical examination and abnormal laboratory results or radiological findings, it was classified as suspicious recurrence group. For subgroup analysis according to risk of recurrence, patients were divided into two subgroups of low (stages I-II A ) and high risk (stages II B -IV).
Image Acquisition and Analysis
After fasting for at least 6 h, FDG (5.18 MBq/kg) was injected intravenously, and images were acquired 1 h later using hybrid PET/CT scanners (Biograph mCT40 or mCT64; Siemens Healthcare). CT images were acquired for the whole body (from the vertex to the toe) for attenuation mapping and lesion localization (50 mA, 120 kVp, 5-mm section width, 4-mm collimation). After CT scan, PET images were acquired in three-dimensional mode for 6-7 bed positions (1 min per bed position). Images were reconstructed on 128 × 128 matrices using an iterative algorithm. The images were analyzed using a vendor-supplied analysis software package (Syngo.via, Siemens Healthcare).
PET/CT images were retrospectively interpreted by consensus of two nuclear medicine specialists who were unaware of the final clinical outcome. Definitely abnormal lesions of FDG uptake (with excluding physiological or inflammatory uptake) were classified as positive for recurrence and, otherwise, classified as negative. Indeterminate lesions with borderline uptake increase were classified as negative.
Clinical Outcome and Statistical Analysis
Patients' information was obtained from the healthcare information system. Final diagnosis of a patient was determined by histologic confirmation of detected lesions and/or follow-up results based on image or clinical findings; if a patient without treatment did not exhibit disease progression for more than 6 months, the patient was deemed to be negative for recurrence. Based on the final diagnosis, PET/CT findings were classified as true positive (TP), false positive (FP), true negative (TN), or false negative (FN). Diagnostic performance of PET/CT was expressed in terms of positive predictive value (PPV) and negative predictive value (NPV).
Descriptive statistical values were expressed as mean ± standard deviation. To evaluate diagnostic performance of imaging tools, McNemar's test and chi-square test were carried out using a statistical software package (MedCalc version 17.6, MedCalc Software bvba, Ostend, Belgium).
Results
Patients
During the study period, 76 patients (M:F = 43:33, age 62 ± 15 years, range 15-88 years) met the inclusion criteria ( Fig. 1) . Patient characteristics are summarized in Table 1 . 
Diagnostic Performance of PET/CT
In 92 routine surveillance group, positive findings were detected in 21 cases (21/92, 23%), of which 16 were confirmed as recurrence, or TP (PPV = 16/21, 76%; Fig. 2 ). FP findings included skin lesions, schwannoma, lymphadenopathy, lung nodule, and artifact in the bladder. Recurrence detection rate of FDG PET was 17% (16/92), and the time interval between completion of initial treatment and recurrence was 32.1 ± 25.3 months (range 8.0-92.0 months). PET findings were negative in 71 cases, of which no one exhibited recurrence during 6 months thereafter (NPV = 71/71, 100%). In 16 cases of TP, treatment including surgical resection and/or chemotherapy was started. In five cases with FP, biopsy was performed in two cases and patients were followed up without treatment in three cases.
In the suspicious recurrence group, positive findings were detected in 32 cases (32/51, 63%), all of which were confirmed as recurrence, or TP (PPV = 32/32, 100%). PET findings were negative in 19 cases, of which 10 were confirmed as no recurrence, or TN (NPV = 10/19, 53%), whereas 9 cases (47%) were FN (Fig. 2) . Thus, sensitivity and specificity were 78% and 100%, respectively. In the suspicious recurrence group, 15 cases were referred to PET/CT due to abnormal findings on preceding image studies: magnetic resonance image (MRI) in seven patients, ultrasonography (US) in four patients, CT in three patients, and bone scan in one patient. Among the 15 lesions (one lesion in each patient), 14 were TP for recurrence, except 1 lesion detected on MRI. On PET/CT, 12 of the 15 lesions were detected and additional 6 lesions were detected in four patients. Among them, 17 lesions were TP (lesionbased PPV = 17/18, 94%). In cases of TP lesions, respective treatments were started. In ten cases with TN, seven cases were followed up with observation based on PET/CT results, whereas excisional biopsy was performed in three cases. In nine cases with FN, a diagnosis was made and treatment was started based on the results from other studies. Detection of recurrence by PET/CT according to recurrence site is summarized in Table 2 .
Subgroup Analysis According to Risk
According to the initial stage, patients were divided into two subgroups of low risk (stages I-II A ) and high risk (stages II B -IV). The low-risk group included 83 PET/CT scans of 46 patients, and the high-risk group included 60 scans of 30 patients. In the low-risk group, 63 scans were performed for routine surveillance (Fig. 3) . In this subgroup, 14 were positive and 10 were TP (PPV = 10/14, 71%). Thus, recurrence detection rate of FDG PET in routine surveillance was 16% (10/63). Treatment was initiated in all ten patients. In 20 cases of the suspicious recurrence group, 13 were positive and all of them were TP (PPV = 100%); the other 7 were negative, of which 4 were TN (NPV = 4/7, 57%, Fig. 3 ).
In the high-risk group, 29 scans were performed for routine surveillance (Fig. 4) , of which 7 were positive and 6 were TP (PPV = 6/7, 86%). Thus, recurrence detection rate of FDG PET in routine surveillance was 21% (6/29). In 31 cases of the suspicious recurrence group, 19 were positive and all of them were TP (PPV = 100%); the other 12 were negative, of which 6 were TN (NPV = 6/12, 50%, Fig. 4 ). There was no statistical difference between the diagnostic performances of low-risk and high-risk groups.
PPV and NPV in overall and each subgroup are shown in Fig. 5 .
Discussion
In the present study, diagnostic role of FDG PET was investigated in melanoma survivors. A considerable number of recurrences were detected by FDG PET even in asymptomatic patients, with a high NPV. In patients with suspicious recurrence, PET exhibited a high PPV. FDG PET is highly sensitive for a malignant lesion and it can cover the whole body in a single scan. Thus, FDG PET is an effective imaging tool not only for initial staging and response evaluation but also for detecting cancer recurrence. Beasley et al. conducted a multicenter prospective study that evaluated clinical utility of FDG PET in patients with stage III B -III C extremity melanoma. FDG PET was useful for response evaluation and prognosis prediction; 3-year diseasefree rate was 62.2% in patients who were determined as complete response by both clinical/pathologic examinations and FDG PET, whereas it was only 29.4% in patients who had residual lesion on PET. In this study, FDG PET was used for surveillance of patients, and 52% of patients developed disease outside the extremity at a median time of 212 days from baseline PET. Because unexpected distant metastasis is frequently detected in melanoma patients, FDG PET may be effective in posttreatment surveillance [9] .
There have been a few studies that evaluated diagnostic value of FDG PET in posttreatment surveillance of melanoma. Koskivuo et al. assessed the role of FDG PET in detecting clinically silent metastases during follow-up of 30 asymptomatic patients with stage II B -III C melanoma [13] . In this study, FDG PET was performed at average 11 months (range, 7-24 months) after initial surgery, and seven cases (23%) of recurrence was detected, of which six were detected on FDG PET. This resulted in PPV 86% and NPV 96% of FDG PET for melanoma recurrence. In another study, 8 (6.5%) of 123 PET scans identified malignancy in melanoma patients with no clinical suspicion [17] . In the present study, 92 PET cases of 44 asymptomatic patients were analyzed and recurrence was detected in 17% of patients (16% of the low-risk group, 21% of the high-risk group). It is speculated that recurrence rate is varied between 6.5 and 23% in asymptomatic patients, due to different patient characteristics regarding recurrence risk and follow-up schedule. Despite the variation in recurrence rate, PET has been reported consistently to have high sensitivity. In the present study, NPV of FDG PET was as high as 100%.
Usually, FDG PET is not recommended as a routine surveillance modality in cancer patients. In Korea, FDG PET for recurrence surveillance used to be covered limitedly by the National Health Insurance until 2014, which is currently not allowed by the National Guidance. In the USA, three posttreatment FDG PET scans are covered by Medicare and Medicaid Services, and Taghipour et al. [15] had conducted a retrospective institutional review of 433 cancer patients, including a total of 1659 fourth and subsequent follow-up PET/ CT scans after completion of primary treatment. In this study, fourth and subsequent follow-up FDG PET/CT scans led to management change in 31.6% of cases when scans were obtained for clear needs. However, management was changed only in 5.6% of cases when scans were obtained in remission state, or as a part of clinical trial protocols. They did not recommend routine follow-up PET in remission state. In contrast, Choi et al. reported that surveillance using FDG PET in Other imaging modalities as well as FDG PET are also not recommended in routine surveillance of stage I-II A melanoma by many authoritative guidelines [7] . The National Comprehensive Cancer Network (NCCN) recommends considering every 3-12 months routine imaging to screen recurrence or metastatic disease, which is restricted to stage II B -IV melanoma patients after 3-5 years. Thus, routine imaging surveillance is not recommended to stage I-II A melanoma patients [18] . Hengge et al. analyzed follow-up results of melanoma patients on an as-treated basis, in which treatment was based on recommendations of the American Joint Committee on Cancer 2002 and the German Dermatologic Society [12] . This analysis revealed that physical examination and ultrasonography for lymph nodes were cost-effective in melanoma of all stages. In contrast, chest x-ray and abdominal ultrasonography were reported to be cost-effective only in stage III, where only 0.83% of all performed examinations revealed metastases. Lewin et al. also reported high NPV (96%) of surveillance PET/CT in stage III melanoma [17] , although Vensby et al. reported that routine surveillance PET may cause unnecessary anxiety and further diagnostic procedures due to relatively high frequency of false positive findings [19] . Considering the results of the present study, FDG PET appears to be effective and probably cost-effective in at least high-risk melanoma patients. Additionally, it is required to evaluate cost-effectiveness of FDG PET for routine surveillance in low-risk group, because the recurrence rate (10/63, 16%) was not ignorable in the present study.
In contrast to routine surveillance, the role of FDG PET in the suspicious recurrence group is very clear. Mena et al. evaluated the added value of fourth and subsequent followup FDG PET scans in patients with melanoma [20] , and they concluded that patients with clinical signs suggestive of recurrence or metastases can benefit from fourth or subsequent FDG PET, because PET excluded recurrence in 28.5% of patients. In the present study, although NPV of PET was somewhat low (53%) in the suspicious recurrence group, PPV was as high as 100% and recurrence was clearly confirmed by PET.
The present study has some limitations due to its retrospective nature. First, this is a retrospective study in a single tertiary cancer center and the surveillance using FDG PET was not performed systematically. Although the purpose and indication of each PET scan was retrospectively reviewed and 
Conclusion
In conclusion, FDG PET is an effective diagnostic tool in posttreatment surveillance of melanoma in cases of suspicious recurrence by clinical symptoms, signs, and/or other image findings. Even in cases without clinical suspicion, melanoma recurs in a considerable proportion of patients, which can be sensitively diagnosed on PET. Thus, cost-effectiveness of surveillance PET needs to be evaluated, particularly in high-risk patients.
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